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The possibility of observing supernova (SN) neutrinos through the process of coherent elastic
neutrino-nucleus scattering (CENNS) in future ton scale detectors designed primarily for direct
detection of dark matter is investigated. In particular, we focus on the possibility of distinguishing
the various phases of the SN neutrino emission. The neutrino emission rates from the recent long
term Basel/Darmstadt simulations are used to calculate the expected event rates. The recent state-
of-the-art SN simulations predict closer fluxes among different neutrino flavors and lower average
energies compared to the earlier simulation models. We find that our estimated total event rates
are typically a factor of two lower than those predicted using older simulation models. We further
find that, with optimistic assumptions on the detector’s time resolution (∼ 10 ms) and energy
threshold (∼ 0.1 keV), the neutrinos associated with the accretion phase of the SN can in principle
be demarcated out with, for example, a 10-ton Xe detector, although distinguishing the neutrinos
associated with the neutronization burst phase of the explosion would typically require several tens
of ton detectors. We also comment on the possibility of studying the properties of non-electron
flavor neutrinos from the CENNS of SN neutrinos.
I. INTRODUCTION
The possibilities of studying the propertes of neutri-
nos and extracting conditions inside a supernova (SN)
progenitor star before and during its explosion, through
observation of the neutrinos emitted from the SN, have
been extensively investigated in the past two decades fol-
lowing the observation of neutrinos from SN1987A [1, 2].
Most of these investigations focused on neutrino detec-
tion using charged current (CC) processes on water and
other detector materials [3–5], though process of inelas-
tic neutral current scattering on, for example, oxygen [6],
deuterium [7], and carbon [8] were also studied.
In the last ten years or so, processes like neutrino-
proton [9] and neutrino-nucleus [10] elastic scattering
have also been looked at in detail. In particular, as
pointed out long ago [12, 13], there can be the process
of coherent elastic neutrino-nucleus scattering (CENNS),
for which there is a significant enhancement in the pre-
dicted number of events, increasing approximately as the
square of the number of neutrons constituting the nuclei
of the detector material. However, the typical kinetic en-
ergies of the recoil nucleus in the elastic neutrino-nucleus
scattering are expected to be rather small, requiring de-
tectors with low energy thresholds in the range of few
keV to few tens of keV. No conventional neutrino detec-
tors have such low thresholds. However, the detectors
used in dark matter (DM) direct detection (DD) exper-
iments designed to look for the weakly interacting mas-
sive particle (WIMP) candidates of DM through nuclear
recoil signals associated with WIMP-nucleus scattering
may have sufficiently low thresholds so as to be sensitive
enough to detect the low energy nuclear recoil events as-
sociated with SN neutrinos [10]. However, the presently
operating DM detectors are not large enough to detect
such neutrino events. Only in context of planned future
large ton scale detectors such possibilities would be vi-
able. In the previous studies [14, 15] investigating the
possibility of observing the CENNS using various astro-
physical neutrino sources and geoneutrinos predict inter-
esting prospects. Indeed, it is now well recognized that
these CENNS events due to astrophysical and terrestrial
neutrinos can be a major source of background in DM
search experiments [14, 16, 17].
The detectors for DM DD, which are currently in oper-
ation or are under consideration, use a variety of different
target materials. In order to optimize the possibility of
detecting SN neutrinos using such detectors, it is impor-
tant to study the process of coherent elastic scattering of
∼ MeV energy neutrinos on various different target nu-
clei. For supernova neutrino detection the DM detectors
may be particularly useful as the coherent elastic scat-
tering is caused by all neutrino/antineutrino flavors as
opposed to only the electron flavor neutrinos in CC pro-
cesses [10, 18]. Such coherent scatterings will give rise to
a few events per ton of detector material for a galactic (10
kpc) SN event compared to some hundreds of ν¯e events
per kiloton in CC based detectors. So with an order of
magnitude increase in the number of events spread over
only about 10 seconds, this needs serious consideration
particularly for the future ton/multi-ton detectors.
An important consideration for using DM detectors for
SN neutrino detection is the excellent time resolutions of
the DM detectors which can be in the region of ∼ 10
ms. This offers the interesting possibility of studying the
temporal structure of the neutrino emission from the SN.
Indeed, measuring the SN neutrino light curve will allow
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FIG. 1: Left: Recoil energy spectra (differential event rate as a function of recoil nucleus kinetic energy) for 8B solar neutrinos
in a dark matter detector with three different target materials, namely, 19F, 28Si and 131Xe. Right: The integral recoil energy
spectra (total event rate above a threshold recoil energy) as a function of the threshold recoil energy of the detector.
one to probe the standard SN model, which predicts three
main phases of neutrino emission, namely, the neutron-
ization burst phase, the accretion phase and the cooling
phase. Clear demarcation of these phases is extremely
important as the flux and average energy of the emit-
ted neutrinos are very different in these different phases.
Since the CENNS process is flavor blind, the DM detec-
tors can measure the total SN neutrino light curve, and
thus will be complementary to the light curves of oscil-
lated νe, ν¯e flavors detected by other detectors through
CC interactions.
In order to derive realistic estimates of the expected
number of SN ν events in a typical DM detector, it is
important to use a reliable SN model that incorporates
as much realistic physics of SN explosion and associ-
ated neutrino emission as possible. In this paper, we use
the results from the Basel/Darmstadt simulations [19] to
study the detectability of SN neutrinos in DM detectors
employing various different detector materials, and also
study the possibility of demarcating the different phases
of the neutrino emission from the SN using these detec-
tors.
It may be mentioned here that the average energies
of the emitted neutrinos given by the Basel/Darmstadt
simulations are typically lower than those given by earlier
simulations (see, e.g., [20, 21]). Consequently, we find
somewhat lower (by about a factor of 2) number of events
compared to earlier estimates [10].
This paper is organized as follows: In section II, we
briefly review the CENNS process. There, for the pur-
pose of illustration, we also calculate the expected event
rates in DM detectors with different target materials, for
the case of a guaranteed source of astrophysical neutri-
nos, namely, the 8B solar neutrinos. Section III contains
the main new results of this paper, where we estimate the
expected number of events from a future Galactic SN in
DM detectors with different target materials and discuss
the possibility of detecting the different phases of the
neutrino emission. We further discuss the possibility of
extracting the temperature of the non electron neutrinos
in the SN neutrino flux. Finally, section IV summarizes
the main results of this paper.
II. COHERENT ELASTIC
NEUTRINO-NUCLEUS SCATTERING
The differential cross section for the process of coherent
elastic neutrino-nucleus scattering is given by [11, 13]
dσ(Eν , Ek)
dEk
=
G2F
4pi
Q2WMF
2(Q2)
(
1−
MEk
2E2ν
)
, (1)
where Eν is the neutrino energy, Ek is the recoil nucleus
kinetic energy, QW = N − (1 − 4 sin
2 θW )Z is the weak
nuclear charge for a nucleus with N neutrons and Z pro-
tons, M(= AMN) is the mass of the nucleus with mass
number A(= N + Z) and MN = 931MeV is the average
nucleon mass. The form factor, F (Q2) (with normaliza-
tion F (Q2 = 0) = 1, Q being the 4-momentum transfer
to the nucleus), represents the loss of coherence at high
recoil energies when qR >∼ 1, q = (2MEk)
1/2 being the
magnitude of the 3-momentum transfer, and R the radius
of the nucleus. The maximum kinetic energy of the recoil
nucleus is Ek,max = 2E
2
ν/M ≈ (2/A)(Eν/MeV)
2 keV for
M ≫ Eν . In the limit of complete coherence (qR → 0),
the cross section (1) varies approximately as the square
of the number of neutrons in the nucleus. In the follow-
ing analysis, for F (Q2) we use the Helm form factor with
the parametrization given in [11].
3The differential nuclear recoil event rate is given by
dN(Ek)
dEk
=
∫ ∞
Eν,min
dNν
dEν
dσ(Eν , Ek)
dEk
dEν , (2)
where dNνdEν is the differential neutrino flux incident on
the detector and Eν,min = (MEk/2)
1/2 is the minimum
neutrino energy required to give a recoil kinetic energy
of Ek to the nucleus.
The CENNS process has not yet been observed. To
illustrate the kind of event rates one may expect in typ-
ical DM detectors, with astrophysical sources of neutri-
nos, we display in Figure 1 the expected event rates as a
function of the recoil energy (i.e., the recoil energy spec-
trum) for the case of a guaranteed source of astrophysical
neutrinos, namely, the solar 8B neutrinos, and for three
different target nuclei constituting the detector material,
namely, 19F , 28Si and 131Xe.
The event rates shown in Figure 1 do not take into
account the energy resolution of the detector. To illus-
trate the dependence on the threshold recoil energy of
the detector, the right panel of Figure 1 shows the inte-
gral recoil energy spectra above a threshold recoil energy
as a function of the recoil energy. It is clear that future
ton-scale DM detectors have good prospects for detecting
a neutrino source such as the 8B solar neutrinos through
neutrino-nucleus elastic scattering in a few years of run-
ning.
III. SUPERNOVA NEUTRINOS AND THEIR
DETECTION IN DARK MATTER DETECTORS
Detection of neutrinos from SN 1987A [22–24] estab-
lished beyond doubt that some supernova explosions are
associated with emission of large number of neutrinos.
According to the present understanding of core collapse
supernovae, as the core of a large star starts to collapse
after the nuclear fuel gets exhausted, the density in the
inner core region at some point goes beyond the nuclear
matter density. In the earlier stages of the collapse, the
neutronization of matter produces νe’s, but later at very
large densities both neutrinos and antineutrinos of all
three flavors ( i.e. νe, ν¯e, νµ, ν¯µ, ντ and ν¯τ ) get produced
in much larger numbers. Almost all the enormous energy
released in the gravitational contraction, roughly a few
times 1053 ergs, comes out through the emission of these
neutrinos over a timescale of ∼ 10 seconds.
As already mentioned, the CENNS process being flavor
blind will be sensitive to νµ, ν¯µ and ντ , ν¯τ (hereafter col-
lectively referred to as νx) in addition to νe and ν¯e. This
will allow a direct estimation of the total energy emitted
in neutrinos in the SN process. Combined with informa-
tion about νe and/or ν¯e event rates for the same SN event
in other (conventional CC) detectors, this would then al-
low one to estimate the average νx energies emitted in
the SN event.
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FIG. 2: Temporal profile of the neutrino luminosity (upper
three panels) and average energy of the neutrinos (lower three
panels) for different neutrino flavors corresponding to the neu-
tronization phase, accretion phase and cooling phase (from
left to right, respectively), for the Basel/Darmstadt simula-
tion of a 18 M⊙ progenitor SN.
While exploring these possibilities one has to be care-
ful, however, as the SN neutrino properties like aver-
age energy, luminosity and energy distribution change
with the post-bounce time. There are three important
stages of neutrino emission in SN: the neutronization
burst phase, the accretion phase and the cooling phase.
In Figure 2 the luminosities and average energies of differ-
ent neutrino flavors for the different phases are shown for
the Basel/Darmstadt simulation. The neutronization
burst phase, which is associated with the deleptoniza-
tion of the outer core layers during shock breakout, lasts
for about 50 ms post-bounce and is characterized by a
sharp peak in the electron neutrino luminosity with little
contribution from other flavors. This is followed by the
accretion phase which is powered by infalling matter, and
lasts for about 0.5 second. During this phase the electron
neutrino contribution to luminosity gets reduced and the
contributions from other species start building up. Fi-
nally, we have the cooling phase, which lasts for about
10 seconds, when all the six species diffuse out of the
core. More than 80 percent of the total energy emit-
ted in the SN event comes out during this cooling phase.
The luminosities of all the neutrino species in the cooling
phase show an approximately exponential decrease with
time whereas their average energies show a slow linear
decrease.
From the above it is clear that the expected number
of events in the different emission phases will be differ-
ent due to different luminosities of the emitted neutrinos
during these phases. Therefore, measuring the tempo-
ral structure of the detected events will be crucial for
extracting the energy spectra of the emitted neutrinos.
Note also that the flavor oscillation properties during the
different phases will also be different because of different
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FIG. 3: Left: Temporal profile of the number of events in 10 ms time bins, due to the neutronization burst phase neutrinos
from a Basel/Darmstadt SN at 10 kpc from earth, in a Xe detector with different total target mass assuming a recoil energy
threshold of 0.1 keV. The statistical (Poissonian) errors in each bin are also shown. Right: Same for the accretion phase
neutrinos in 50 ms time bins.
physical conditions during the phases.
SN neutrino emission spectra: For the initial
neutrino distribution in energy and time, we use the out-
puts from the simulation mentioned above [19]. We fac-
torize the time and energy dependence as
F 0ν (t, Eν) =
Lν(t)
〈Eν〉(t)
ϕ(Eν , t) (3)
for each flavor (ν = νe, νe, νx). Here
Lν(t)
〈Eν〉(t)
represents
the neutrino emission rate (number of ν’s per unit time)
with mean neutrino energy 〈Eν〉(t). The time variations
of the luminosity and the average energy are taken from
the simulations. We use the following parametrization of
the instantaneous normalized (
∫
ϕ(E, t)dE = 1) energy
spectrum ϕ(E, t) from Ref. [21]:
ϕ(E, t) =
1
〈Eν〉(t)
(1 + α(t))
1+α(t)
Γ (1 + α(t))
(
E
〈Eν〉(t)
)α(t)
× exp
[
− (1 + α(t))
E
〈Eν〉(t)
]
. (4)
Here α(t) =
2〈Eν〉
2(t)−〈E2
ν
〉(t)
〈E2
ν
〉(t)−〈Eν〉2(t)
is the energy-shape pa-
rameter [21] and is also extracted from the simula-
tions. Note that all parameter values used in the present
work correspond to the luminosities and average ener-
gies of the various neutrino species corresponding to the
Basel/Darmstadt simulations for a standard 18M⊙ pro-
genitor, as shown in Figure 2.
Having specified the energy and time dependence of the
emitted neutrino spectra, we now study the possibility of
detecting the neutrinos from the early emission phases
in a typical DM detector. For our calculations below we
conservatively take the time resolution of the detector to
be ∼ 10 ms. Typical future DM detectors are expected to
have even better time resolution. So our results presented
here should be considered as conservative.
Neutronization Burst: The SN shock while mov-
ing outward through the iron core of the SN dissociates
the iron nuclei, thereby producing free protons and neu-
trons. The subsequent electron capture by nuclei and free
protons gives rise to a large νe flux, which is emitted in a
‘burst’ when the shock breaks out of the neutrinosphere.
This deleptonization “neutronizes” the SN environment.
The burst peak shown in Figure 2 is fairly independent
of the details of the SN models such as electron capture
rates, nuclear equation of state and the progenitor mass.
In fact, the neutronization burst phase is considered as
the “standard neutrino candle” for the core-collapse su-
pernovae scenario, and thus serves as one of the most
sensitive probes of the physics of neutrino oscillation [25]
and nonstandard physics [26].
Since the νe burst phase ends within the first 50 ms,
with the time resolution of about 10 ms the future DM
detectors may have a fair possibility of detecting the
neutronization burst phase neutrinos. For illustration,
the left panel of Figure 3 shows the expected number of
events in 10 ms time bins in Xe detectors of different total
target mass for a Basel/Darmstadt SN model (see Figure
2) at a distance of 10 kpc from the earth. Xe is chosen
for this illustration as it offers a relatively large N2 en-
hancement of the CENNS cross section. It is clear from
Figure 3 that identification of the neutronization burst
phase neutrinos will require greater than 10 ton mass Xe
detectors. For example, a 100-ton Xe detector should be
able to detect the signature of the neutronization burst
phase through neutrinos.
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FIG. 4: Temporal profile of the number of events, due to the accretion phase neutrinos from a Basel/Darmstadt SN at 10 kpc
from earth, in 50 ms time bins in a 60-ton Fluorine (left panel) and a 50-ton Silicon (right panel) detector, assuming a recoil
energy threshold of 0.1 keV. The error bars in both panels are statistical (Poissonian).
The estimated numbers of events shown in Figure 3 as-
sume a zero background and a small (0.1 keV) threshold
recoil energy of the detector. The backgrounds in typical
direct DM detectors generally have negligible time vari-
ation, and the SN events will arrive in a relatively small
time window (∼ 10 seconds), like a pile on the near con-
stant background. Moreover, the background from other
neutrino sources like the solar and atmospheric neutri-
nos in this small time window would be negligible [27]
compared to the galactic SN neutrino flux. So, the back-
ground may not be an issue. However the threshold recoil
energy of the detector will be important for determining
the minimum required target mass of the detector for de-
tection of the SN neutrinos. Note also that the estimated
number of events are for a SN at a distance of 10 kpc; the
numbers will scale as the inverse square of the distance
to the SN.
Accretion phase: The SN shock loses energy as it
moves outward through the iron core, finally to stall at
around few 100 km from the center of the star. At that
point, matter starts accreting on to the core, giving in-
creased neutrino emission. This process results in the
typical accretion hump in the neutrino luminosity seen in
all SN simulations. The infalling material as it accretes
onto the core is heated to high temperatures thereby al-
lowing electron-positron annihilation resulting in produc-
tion of neutrinos of all flavors. Due to high degeneracy
of νe and electron during deleptonization, the production
of ν¯e is initially suppressed compared to νx. However,
the ν¯e flux starts growing after the initial deleptonization
phase ceases as the CC processes (electron and positron
captures on free nucleons) start becoming more efficient.
Interestingly, the νx, which can be produced only via neu-
tral current processes, can not catch up with the ν¯e and
νe. Moreover, being less strongly coupled with the envi-
ronment compared to the electron flavors, the νxs diffuse
out much more swiftly from the SN core than do νe and
ν¯e. Hence, νx luminosities remain lower than those of ν¯e
and νe. This large flux hierarchy between the initial νe,
ν¯e and νx flux provides excellent opportunity for studying
oscillation physics [28] with CC based detectors. How-
ever, again, the CENNS being flavor blind the detectors
will measure the total neutrino flux and should be able
to observe the accretion hump independent of the oscil-
lation scenario. Like in the case of the neutronization
burst νes, in combination with results from CC based
detectors, the detection of the accretion hump neutrinos
in a DM detector will offer an important probe of any
new physics and also of the standard SN scenario.
The right panel of Figure 3 shows the expected num-
ber of events due to accretion phase neutrinos in 50 ms
time bins in Xe detectors of different total target mass,
again for a SN at a distance of 10 kpc from the earth.
As in the case of neutronization burst phase neutrinos,
we have assumed zero background and a threshold recoil
energy of 0.1 keV for the detector. Evidently, while a
1-ton Xe detector will not be good enough, a 10-ton Xe
detector, for example, should be able to pick out the tem-
poral profile of the signal. Obviously, a closer SN offers a
better detection possibility. Clearly, more detailed anal-
ysis, including proper optimization of the time bin size,
threshold recoil energy as well as energy resolution of the
detector will be required to have accurate estimation of
the required detector mass.
Different Materials: Our discussions so far were
concerned with Xe as the detector target material. How-
ever, DM detectors use a variety of other materials.
To study the suitability of relatively lower mass num-
ber nuclei for SN ν detection, below we consider the
cases of Fluorine and Silicon, which are also used in
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FIG. 5: Recoil energy differential spectra (left) and integral spectra as a function of the threshold recoil energy (right) for SN
neutrinos in a 1-ton Xe detector. Curves are shown for the Basel/Darmstadt SN model as well as for another SN model with
average energies of νe, ν¯e and νx equal to 10, 12 and 18 MeV, respectively, both for a SN at a distance of 10 kpc from earth.
DM DD experiments. Here, again, we use the same
Basel/Darmstadt SN neutrino fluxes as described above
for a SN at a distance of 10 kpc. We optimize the re-
quired detector mass so that the neutronization burst
phases events are are detectable. The condition used is
that the detector mass should be large enough so that the
lower limits of the predicted number of events including
the statistical fluctuations are above zero for the first five
10-ms time bins during the neutronization burst. We find
that, with this criterion for F and Si, one would require
at least 60 and 50 ton mass detectors, respectively, for de-
tecting the neutronization burst phase neutrinos. As ex-
pected the required minimum detector masses are larger
compared to that for Xe (see Figure 3). A somewhat
better prospect for detection is offered by the accretion
phase neutrinos, which is shown in Figure 4 assuming,
again, zero background and a recoil energy threshold of
0.1 keV. Notice that the accretion hump is visible in both
cases.
Recoil Energy Spectra: Although demarcation of
the temporal profiles (the light curve) of the different
neutrino emission phases would, as discussed above, re-
quire at least a 10 ton Xe detector, a smaller, 1 ton detec-
tor would be good enough to detect a galactic SN event.
Figure 5 shows the expected recoil energy spectra (event
rate as a function of the recoil energy) in a 1 ton Xe
detector for a SN at a distance of 10 kpc.
For comparison, in addition to the Basel/Darmstadt
SN model considered throughout this paper (see Figure
2), we also show in Figure 5 the event rate expected for
a neutrino flux parametrization with average energies of
10, 12 and 18 MeV for νe, ν¯e and νx, respectively, for
the entire duration of the SN neutrino emission as used
in previous studies (see, e.g., Ref. [10]). Evidently, the
larger νx average energy used in earlier studies yielded
more expected number of events compared to those for
the recent Basel/Darmstadt simulations. The relatively
larger average energies quoted in many previous stud-
ies represent the early accretion phase of the SN. The
average energies in the accretion phase are expected to
be larger than those in the cooling phase. Thus, using
the larger average energies for the entire SN duration
would give larger number of events. We find, for the
Basel/Darmstadt SN model, the total number of events
are reduced by about a factor of two compared to earlier
estimates [10]. Note, the recent results [29] from the same
Basel/Darmstadt group shows a larger flux difference of
different flavors compare to the their old simulation re-
sults [19]. However, even the new differences are way too
smaller compare to the very large average energy simu-
lations of [20] and thus the overall results remain robust
under the new simulations [29] as well.
As clear from the above Figures, the main contribu-
tion to the event rates comes from recoil energies below
1 keV. Hence only detectors with relatively low recoil en-
ergy threshold <∼ 1 keV will have a reasonable chance of
detecting the SN neutrinos. On the optimistic side, how-
ever, since the event rates scale as the inverse square of
the distance to the SN, some of the potential SN candi-
dates, such as Betelgeuse, Mira Ceti and Antares, which
are relatively close by stars (at < 0.2 kpc), offer inter-
esting possibilities for the next generation DM detectors.
Extracting the νx properties: Finally, we mention
an important by-product of measuring the SN neutrino
recoil energy spectrum. For the four non-electron fla-
vor neutrinos/antineutrinos, νx, there are two physical
quantities of great interest, namely, their time-averaged
temperature and the total energy they carry. Whereas
the neutral current reactions in conventional neutrino de-
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FIG. 6: Neutrino flavor composition of the differential recoil energy spectra (left) and the integral recoil energy spectra above
a threshold recoil energy as a function of the threshold recoil energy (right) in a 10-ton Xe detector for the accretion phase
neutrinos from a Basel/Darmstadt SN at 10 kpc from earth.
tectors can give information on their total number, mea-
surement of the recoil spectrum for the CENNS events
in DM detectors can in principle give information about
the energy spectra of the neutrinos. Beacom, Farr and
Vogel [9] pointed out in connection with neutrino-proton
elastic scattering of SN neutrinos in scintillation detec-
tors like KamLAND that one can get estimates of the
total neutrino energy as well as the temperature from
the observed proton energy spectra. Though these two
observables are strongly correlated, a Monte Carlo sim-
ulation procedure as suggested in Ref. [9] may allow one
to extract estimates of these two quantities from the ob-
served nuclear recoil spectra in the case of CENNS in
DM detectors. Of course, this is possible when the dis-
tance of the SN is known independently. Otherwise, like
in [9], one can obtain an estimate of the neutrino tem-
perature by marginalizing over the unknown total energy.
Since currently there is no observational handle available
on the “temperature” of the νx emitted from SNe, the
possibility of measuring the SN νx temperature in DM
detectors through the CENNS process is certainly worth
exploring.
In Figure 6 we plot the flavor composition of the ex-
pected recoil energy spectra for the accretion phase neu-
trinos of a Basel/Darmstadt SN at 10 kpc from earth in
a 10 ton Xe detector. The main contribution to the event
rate comes from ν′xs as they have larger average energies
and also because it is a sum of contributions from four
species of neutrinos.
The curves shown in Figure 6 include flavor oscilla-
tion which is primarily due to MSW effect since the col-
lective effects are considered matter suppressed [30, 31]
during the accretion phase. In the cooling phase more
complex scenarios of oscillations may arise which are not
very well understood [32] and the flux expressions would
be complicated [33]. Hence we focus on the accretion
phase where the oscillation scenario seems settled. The
flux differences due to different neutrino mass hierarchies
are, however, not resolvable even in the multi ton detec-
tors. These curves shown in Figure 6 are for the case of
inverted hierarchy.
As already shown in Figure 3, a 10-ton Xe detector
should be able to distinguish the accretion phase by mea-
suring the temporal profile of the neutrinos. Thus the
measurement of the recoil energy spectrum together with
the temporal profile of the events in a 10-ton Xe detec-
tor, for example, may indeed allow a measurement of the
“temperature” of the bulk of the neutrinos emitted dur-
ing the main accretion phase of a SN event.
IV. SUMMARY AND CONCLUSION
In this paper we have studied the possibility of observ-
ing supernova neutrinos through the process of coher-
ent elastic neutrino-nucleus scattering in next generation
detectors for direct detection of dark matter. In doing
this we have used the predicted neutrino flux from the
recent Basel/Darmstadt simulations, which incorporate
more realistic supernova physics than those used in ear-
lier simulation models. We find that our estimated total
event rates are typically a factor of 2 lower than those
estimated in earlier studies using older simulation mod-
els. We have also studied the possibility of distinguishing
the various phases of neutrino emission from the super-
nova through measurement of the temporal profile of the
detected events. There we find that, with optimistic as-
sumptions on the detector’s time resolution (∼ 10 ms)
and energy threshold (∼ 0.1 keV), the neutrinos associ-
ated with the accretion phase of the SN at 10 kpc from
earth can in principle be demarcated out with, for ex-
ample, a 10-ton Xe detector, although distinguishing the
8neutrinos associated with the neutronization burst phase
of the explosion would typically require several tens of
ton detectors. We also noted that the DM detectors be-
ing flavor blind are sensitive to all the neutrino flavors in-
cluding the non-electron flavor neutrinos, and thus have
the potential to constrain possible non-standard physics
of neutrino flavor oscillation. Finally, we have explored
the possibility of measuring the temperature of the non-
electron flavor neutrinos which are inaccessible through
other charge current based detectors.
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